The environmental performance evaluation (EPE) of organizations is becoming an autonomous management tool. The main goal of this research was to assess the state of EPE practice in the Portuguese defence sector, as a particular part of public services. A questionnaire survey was conducted involving all Portuguese military units that have a person in charge of environmental issues. The questionnaire was designed to assess: (i) the importance and drivers of EPE; (ii) the ISO 14031 knowledge and implementation; (iii) the knowledge and use of environmental indicators; (iv) the optimal format for indicators; and (v) the advantages and drawbacks of using environmental indicators. Despite various initiatives driving environmental practices in public organizations, most of that experience is only centred on an environmental management system, and EPE is quite a new issue. Nevertheless, general environmental performance evaluation is a growing reality and one in which Portuguese military units are taking an increasing interest. Overall respondents agree on the importance of measuring and communicating environmental performance related to their main missions and activities. The main drivers for EPE in military units are the prevention of health risks and compliance with regulations. However, to date, ISO 14031 and environmental performance indicators are almost unknown in the respondent military units. Among the three military branches, the Navy revealed the worst environmental performance evaluation knowledge, awareness and practice.
Introduction
The expression environmental performance is often used in different contexts with distinct objectives, meanings and broad domains. Accordingly, it may reflect different issues such as: (i) the trend in environmental improvement, (ii) the state of the environment, (iii) the environmental efficiency, and (iv) the compliance of one or more environmental aspects with the regulations, and several others. Despite the different meanings, a number of environmental management and policy tools use the expression environmental performance: environmental auditing, environmental impact assessment, environmental risk assessment and environmental management systems (EMS), among others.
Recently, with the publication of the international standard ISO 14031:1999, by the International Organisation for Standardization (ISO), the concept of environmental performance evaluation (EPE) has been accepted as an autonomous environmental management tool. This standard integrates the 14,000 families of voluntary international environmental standards and it is not for certification or registration purposes. According to this standard EPE is: ''a process to facilitate management decision regarding an organization's environmental performance by selecting indicators, collecting and analysing data, assessing information against environmental performance criteria, reporting and communicating, and periodically reviewing and improving this process'' [1] . At organization level several authors (e.g. Refs. [2] [3] [4] [5] ) tried to define the scope and boundaries of the concept, however, this is a hard task. As stressed by Wathey and O'Reilly [2] the concept tends to differ from publication to publication. For example, the definition given in ISO 14031 differs from that given in ISO 14001:2001 (International Standard for EMS).
In this paper a broader EPE definition is assumed, as a tool, targeting not only organizations but also entire economic sectors. Environmental performance is understood here as part of performance management and assessment overall, as defined by Armstrong and Baron [6] . A broad definition of environmental performance indicators is similarly assumed.
EPE can be applied to all kinds of organizations and sectors (private or public), regardless of type, dimension, complexity, country or place of location. Major private organizations now are beginning to evaluate and report their environmental and social performances as they do with their financial performance. Stakeholder pressure, efficiency and competitiveness, marketing and public image, legal requirements and international commitments are factors that can explain this trend. In the public sector, though the evolution is slower, EPE is also becoming a growing reality.
At a public sector level there are numerous initiatives involving the implementation of environmental management practices, e.g. EMS, environmental audits and EPE, including measurement and communication. However, most of this experience is centred on the adoption of EMS, as stated by Ramos et al. [7] . In the public sector, environmental performance assessment itself is quite a new issue, despite a certain amount of experience in overall performance management and assessment (e.g. Refs. [8] [9] [10] [11] ), usually related to accounting. Nevertheless, some work analyses the environmental measurement and communication aspect in particular (e.g. Refs. [12] [13] [14] [15] [16] [17] ). Some countries are implementing broader initiatives (e.g. the United Kingdom, Canada) through sustainable programs of greening government.
The measuring of management success is now required by the United States (US) Government Performance and Results Act of 1993 (GPRA) (US Government [18] ), whereby agencies must develop program performance reports based on goals and indicators. The United States Department of Energy and the United States Environmental Protection Agency (USDOE/USEPA) [15] underline that GPRA does not require agencies to include environmental measures. Nevertheless, if an agency chooses to do so, performance indicators used to meet EMS' goals and targets can be combined on an agency-wide basis and included in an agency's GPRA measures. The US uses a whole variety of particular performance frameworks that should be taken into account when comparing with other realities, such as the European. In the US different standards apply.
Despite certain examples related to EPE approaches (e.g. Refs. [19] [20] [21] [22] ) and environmental indicators (e.g. Refs. [23] [24] [25] [26] [27] ) most of the environmental experience in the public sector (including defence) is related to EMS (e.g. Refs. [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] ).
The adoption of EPE practices by Portuguese organizations, both private and public, is only done on a voluntary basis, without any mandatory regulation or standard. There are various initiatives involving corporate EPE, including measurement, communication and reporting. Some Portuguese firms already publish their environmental and sustainability reports, both paper and Internet versions. Regarding the particular area of environmental accounting, Portugal has adopted the European Commission Recommendation of 30 The main goal of the present research was to assess the practice of EPE in the Portuguese defence sector. To accomplish this goal, a questionnaire survey was conducted among military units. This study includes the bases, garrisons, agencies and commands of the Portuguese armed forces; for the sake of simplicity, the expression military unit was adopted to represent all military organizations encompassed by the study. The questionnaire was designed to assess the knowledge, use and drivers of EPE and indicators. It was developed by the university research team and conducted under the authority of the Portuguese Ministry of Defence (MDN).
Previous research included an assessment of the environmental profile, through the evaluation of how environmental management practices have been adopted in the sector and an assessment of environmental aspects and impacts [7, 40] .
Methodology
The Portuguese defence sector under the MDN is one of the largest public services, with a large number of civilian employees, military personnel and reservists. Like other public services, the defence sector oversees many facilities and operations, including the use of large areas of land.
The total expenditure of the Portuguese defence sector represents about 1.2% of GDP and 3.2% of public sector expense. In 2001 manpower stood at 42,677 (including 3382 reservists), down from 62,300 in 1990 [41] . In 1995 the MDN assumed its first environmental commitments under the national environmental policy [42] . This policy was recently updated [43] and came into force in its revised form with the publication in 2002 of the Portuguese version of the North Atlantic Treaty Organization (NATO) Standardization Agreement [44] . This states the environmental doctrine for NATO-led operations and exercises and provides guidance in environmental planning for all military activities. However, these two documents do not give any specific guidelines for EPE adoption and implementation. The environmental policy of the Portuguese Armed Forces includes a general recommendation that the Armed Forces Command must support the dissemination of environmental information. Additionally, several other environmental initiatives are being taken by the MDN and military branches, showing a rising interest in achieving a better performance, but without any specific military regulation for EPE.
The MDN environmental policy was designed to be adopted by the three military branches at the different levels of the organization, resulting in one environmental policy plan per each branch. This policy is focused on peacetime missions and activities. The Air Force was the first military branch that adopted an environmental policy, approved in 1997. The national policy defines three main organizational levels to coordinate and implement this strategy: (i) the military Commander-in-Chief -coordination and planning; (ii) the national agencies/departments and territorial commandscontrol of the implementation and programming; and (iii) the military units -implementation. To put into practice the policy, environmental offices and military environmental managers are being created or adapted from existing procedures related to quality and security. At the end of this process, all military units should have an environmental office or environmental manager, in charge of integrating environmental aspects in their defence mission, preferably through an EMS.
This research analyzes part 2 of a questionnaire (see Appendix) mailed in October 2003 to 74 military units (part 1 results were reported by Ramos et al. [7] ). Questionnaires were mailed from the Portuguese Minister of Defence to all the Portuguese military units having a known person in charge of environmental issues; this was considered as the population of the study. Those units represent approximately 25% of the total number of Portuguese military units, 35% of all Portuguese military personnel and 55% of the total land area used by the defence services. Fifty-three out of the 74 military units returned usable responses to the questionnaire, a response rate of 72%. The respondents included the three military branches: the Air Force -13 units; Army -17 units; and Navy -23 units.
According to the adopted definition of military unit, one facility or camp may include several independent units that fulfil the criterion of having a person in charge of environmental issues.
The second part of the questionnaire focuses on the state of EPE in the military, covering the following issues: (e) the optimal format for indicators; and (f) the advantages and drawbacks/limitations of using environmental indicators.
Descriptive statistics were used to analyse the results. Chisquare was computed to test associations between frequency distributions among the military branches [45] .
In order to combine the results obtained by each question, an index -the State of environmental performance evaluation (SEPE) -was developed to process the information in a simplified and useful manner. The SEPE index gives an aggregated picture of the knowledge, awareness and practice of EPE in the units. Five variables from the group of questions (a), (c) and (d) were used in the index. A normalization procedure was used to transform the raw data into a continuous scale of variation [0, ., 1], allowing the aggregation processes. 0 Is the worst value, 1 is the best. The SEPE index was computed using the following equation:
where X i ¼ the environmental performance of the variable i; n ¼ total number of i variables, i ¼ 1, ., 5; and m ¼ total number of j military units, j ¼ 1, ., 74. Five categories were defined to classify the state of the EPE, which the index provided in a range from 0 to 1: very poor: 0-0.20; poor: 0.21-0.40; medium: 0.41-0.60; good: 0.61-0.80; and excellent: 0.81-1. This index is not designed to assess any individual military unit, i.e., this evaluation does not rank the respondent units. The SEPE approach was conducted for each military branch and for the entire Portuguese military sector. Spearman's correlation non-parametric test was performed to assess the relationship between unit size (land area and personnel) and the SEPE index. To investigate potential differences among the SEPE index groups a non-parametric test, the Kruskal-Wallis test [45, 46] , a one-way analysis of variance using ranks, was performed. The test was applied to the following groups: (i) military branch: Army, Air Force and Navy; and (ii) geographical location by NUTS II region (according to the European Common Classification of Territorial Units for Statistics -NUTS): Alentejo, Algarve, Centro, Lisboa e Vale do Tejo, Norte, Açores and Madeira.
It should be said here that comparisons between the Portuguese military and others should be viewed with caution, because there are major underlying differences, including size of the defence sector and military units, and institutional, political, cultural, economic and military development aspects.
Results and discussion
3.1. EPE background 3.1.1. The importance of EPE About 75% of the units agree on the importance of evaluating environmental performance, including measuring and communicating performance related to their main missions and activities ( Table 1) . The results by branch show a similar pattern for the Air Force and Army. The Navy presents a more balanced pattern, with 39% of respondents stating that this practice is not important. This result could be justified by a poor environmental profile of the Navy units, with few environmental management practices implemented, including EMS adoption, based on ISO 14001 standard, as shown in previous research [40] . Many factors could explain this behaviour, such as fair environmental training and the commanders' and managers' environmental unawareness. The association between branches and performance importance is confirmed by a Chi-square test ( p < 0.05).
Drivers of EPE
The main drivers for EPE in military units is the ''prevention of health risks'' (82%) followed by ''compliance with regulations'' (79%) ( Table 2 ). Among the three branches, the Air Force and Navy follow the general pattern identified for the units overall. On the other hand, the main drivers identified by the Army are: ''become a benchmark for the rest of the society'' and the ''commitment to social responsibilities'', both with 94% of respondents, followed by several factors with 88%, namely ''image and reputation''. The drivers of performance management, and in particular EPE, in private organizations may be quite different from public services. Public organizations pursue political and social goals rather than commercial and profit objectives. Public organizations must provide responses to the needs of society that are not covered by the private sector. Despite the significant differences between public and private sectors, the drivers most often identified by the respondents (''compliance with regulations'', ''to identify and mitigate environmental impacts'', ''to become a benchmark'', ''image and reputation'') agree with trends reported by other authors (e.g. Refs. [47] [48] [49] [50] [51] [52] ), even though their main focus on private organizations. GEMI [52] presented the results of a business survey conducted by the National Association for Environmental Management showing that compliance with regulations is also one of the main drivers. However, as might be expected, the main two drivers identified by the respondent military units, ''to preventing health risks'' and ''compliance with regulations'', shows a different pattern in the respondents' priorities, when comparing with private organizations drivers. This result could be associated with the nature of public services, the military activities in particular and their related hazards and risks, as well as with the military compliance behaviour. The defence sector oversees a vast number of activities, products, services and facilities. While part of this activity is specifically military, such as weapons training, a large part is identical to civilian activity. Specific military activities generally have potential health effects, as studied by Phillips and Perry [53] and mentioned by Department of National Defence and the Canadian Forces (DND/CF) [20] . Nevertheless, as stressed by Carter et al. [54] much performance assessment goes beyond the public/private differences, reflecting characteristics which cut across this particular divide.
ISO 14031 knowledge and implementation
Only 22% of respondents know the ISO 14031 standard, which shows a generally poor knowledge. The Army units had the highest result, 47%, showing a different pattern among the branches ( Table 3 ). This association between branches and knowledge of ISO 14031 is confirmed by the Chi-square test ( p < 0.01). This result could be an apparent contradiction with the fact of the Air Force being the branch that reveals overall best environmental results [40] , with more environmental training and the commanders' and managers' environmental awareness, allowing the existence of many ongoing and/or already implemented environmental management practices. However, the Army highest knowledge level of ISO 14031 could be explained by the units surveyed in this branch being mainly represented by a small group with particular good environmental results (that accomplish the criteria used to select the units surveyed -having a person in charge of environmental issues). This fact does not show the branch overall picture. This branch presents a poor environmental profile, supported by an organizational structure with insufficiently defined environmental responsibilities, and a large number of units spread throughout the territory, which could lead to difficulties in managing environmental issues.
All the units in the Air Force and the Army that know the standard are planning to implement ISO 14031 in addition to an EMS, adopting ISO 14001 and/or the European regulation Environmental Management and Auditing Scheme (EMAS) ( Table 3 ). The Navy unit that knows ISO 14031 states that the implementation will not be useful for the unit. This shows an important association between EMS and EPE, stating that respondents are aware of the different roles and potential advantages of both environmental management frameworks. It suggests to use ISO 14031 approach in addition to a formal EMS.
Dias-Sardinha et al. [55] asked 18 industrial and service Portuguese organizations about their strategic environmental objectives, their practices, and their EPE. This study showed that small and medium-sized companies do not seem to practise formal EPE, which is the general trend for Portuguese military units overall. However, these authors also stressed that EPE is common among the larger industrial organizations surveyed, a result that is not reflected in the larger military units. In the public sector organization environmental performance assessment is quite new, with little literature available, despite some works that analyse the environmental measurement and communication in the public sector (e.g. Refs. [12] [13] [14] 56] ) and in the defence sector (e.g. Refs. [20, 22, 25, 57] ). Although the existence of some practice, these works don't give a complete overview of the public sector, as usually assessed for the corporate level.
Environmental performance indicators 3.2.1. Knowledge and use of indicators
The environmental indicator concept is mostly unknown for 63% of the people in charge of environmental issues in the units (Table 4 ). Once again, the Army shows a different result, with the reverse trend, with the majority of respondents (69%) stating that they knew this tool. These results are reflected in the significant association between a knowledge of environmental indicators and the different branches ( p < 0.01). The opposite trend to the current results was recorded by O'Reilly et al. [48] in their ISO 14031 study of 12 companies where the concept of environmental performance indicators was known. The military units that are implementing an EMS or have already implemented it are familiarized with this environmental tool, explaining some of the results obtained. In other countries that are conducting environmental and sustainability indicator initiatives for the public sector and for the defence (e.g. Refs. [19, 25] ), in particular, these results will probably be quite different, showing higher indicator knowledge and practice, despite no data available to do an accurate comparison. It should be stressed that environmental and sustainability indicators are becoming more known among Portuguese sectoral-ministries, excluding the defence. Every year the Ministry of the Environment produces the national State-of-Environment Report, which is based on indicators that need data from the different sectors. Sectorenvironment integration indicator is becoming a growing reality in Table 3 Knowledge and implementation of ISO 14031 by the respondent units (f ¼ frequency)
Question
Category label Air force Army Navy Total several domains, such as transport, enterprise and agriculture. Despite their social, environmental and economic importances, the overall public sector and the defence, in particular, are always omitted in the national State-of-Environment Report or in the related initiatives. About half the units that do know about environmental indicators use them (58%). However, the Air Force reflects a more positive trend: 71% of these units are using indicators (Table 4) . However, the association between military branches and the use of environmental indicators is not significant. The study of Dias-Sardinha et al. [55] showed that 50% of respondents companies mentioned that they use, or will use, environmental performance indicators. This generally matches what we found in our study. These results should be analysed with caution, since very frequently organizations use different and wrong concepts for indicators. The terminology used in the area is still quite confusing and is not well established, leading to misinterpretations. As stated by United Nations Environment Programme and National Institute of Public Health and the Environment (UNEP/RIVM) [58] , the term ''indicator'' is sometimes used rather loosely to include almost any sort of quantitative information.
Environmental indicators are mainly used in mission/activity reports (70% of respondents that use indicators), environmental reports (60%) and newsletters (40%). Despite these results it was possible to ascertain that the ''environmental reports'' identified by many respondents diverge quite significantly from the practice of environmental and sustainability reporting by public and private organizations. ''Environmental reports'' produced by the units are mainly for internal use and have an informal structure. They relate specially to solid waste, wastewater and water supply data.
The optimal format for indicators
The units point to several factors as the main elements for the design of environmental indicator results in the military, especially regarding the optimal format for the indicators, for internal and external stakeholders. Most respondents stated that indicators should be reported in association with the different types of mission/activity, with objectivity and precision, in a realistic and understandable way for the target audience, and with the easiest computation. Raw data can be manipulated in several ways to produce indicator results. In general, more units stated that indicators should be expressed in absolute or original values (61% of respondents) for internal stakeholders (e.g. inside the military unit or for the MDN services) ( Table 4) . Adimensional or aggregated values (48%), e.g. using environmental indices, and original values (48%) should be the most appropriate way of expressing the indicators, when dealing with external stakeholders (e.g. local communities, nongovernmental organizations, municipalities, schools and journalists). In general, the trend is the same among the branches. The use of aggregated information, as stated in many responses, could be justified by the strict military profile, restricting the detail of the information communicated to the external parties concerned. Bennett and James [3] stated within their study that 45% of survey respondents reported that they were using relative (in the ISO use of the term) or normalized indicators. They also reported difficulties in determining the best way to calculate the indicator, i.e. the most appropriate measure of business to use as the denominator, in a ratio in which the environmental measure is the numerator.
The advantages and drawback/limitations of using indicators
The main advantages identified by the units for using environmental indicators are that they ''help in decision-making processes'' (72%), ''allow a continuous assessment of the environmental performance'' (67%) and ''facilitate control of the environmental compliance regulations'' (61%) ( Table 5) . These results show a certain concordance with the findings registered by O'Reilly et al. [48] for companies in the UK. On the other hand the limitations and drawbacks of using indicators are the lack of environmentally specialized human resources in the unit (61%) and the lack of environmental monitoring data (44%). This result is justified by the few staff members in charge of all environmental areas, which the majority does not have any kind of environmental training, as verified by Ramos and Melo [40] . These limitation factors are also applicable to a broader context of the Portuguese reality, especially for small and medium organizations that are still distant from environmental and sustainability concerns and practices.
SEPE index by service branch
SEPE index results for the Portuguese military sector show that the knowledge, awareness and practice of EPE in the Portuguese military are almost new issues, presenting a medium state of environmental performance (0.43), classified according to the index classes (Fig. 1) . The Army has the highest value (0.63), revealing the best result among the three branches. These differences between EPE and the military branches were confirmed by the results of the Kruskal-Wallis test (significant for p < 0.01). Differences among regions are non-significant. Correlation between SEPE and unit dimension (land area and personnel) is also not significant.
An ongoing implementation process of EMS in several of the Army units surveyed, integrated in the Campo Militar de Santa Margarida (35% of the Army respondents), a military training camp, could explain these better results. The Air Force also has several ongoing and/or already implemented environmental management practices in place under the Air Force environmental policy that has been adopted. This could explain their positive results. It was foreseeable, though, that the Air Force would present higher results No similar works are available for other countries' armed forces, i.e. studies that analyse the state of knowledge, awareness and practice of this particular management practice, EPE, among the main military branches at a national level. Despite this, some attempts to make comparisons with other military forces have been carried out. Several works show that some countries are developing efforts to put in practice sustainability and/or environmental performance assessment. For example, the Canada defence sector proposed performance measures that were developed by the Committee on Performance Measurement for Sustainable Government Operations (PMSGO) [56] . These measures were adapted by the Department of National Defence and Canadian Forces (DND/ CF) [20, 22, 57] as an integral component of the department's overall performance measurement process, by which they measure and report the department's progress in meeting its sustainable development commitments. The Australian Department of Defence (Australian DoD) [21] proposed an environmental performance reporting framework, by which defence (corporately and at the site level) reports the EMS performance management requirements (monitoring, measurement and auditing, and management review). Other countries, such as United Sates of America, South Africa, Netherlands and United Kingdom, are developing similar initiatives, generally associated to a sustainable development strategy for the public sector.
This approach, the assessment through the SEPE index, tries to help the defence decision-makers to understand the military profile, regarding the EPE tool. The MDN is beginning to improve the current state of EPE, as a major part of environmental management practices overall. MDN services intend to build an information system to storage and analyse military unit's environmental performance data, driving organizations for the implementation of performance assessment tools. Although there are few EPE related initiatives implemented in the Portuguese military, the sector presents signs of improvement, despite it's isolation from the rest of the public sector, which have a small number of environmental and sustainability initiatives. In this context, should be stressed that there is no sustainable government strategy or environmental performance assessment program for the Portuguese public services.
Conclusions
EPE is growing very rapidly, in particular, in private organizations. Despite various initiatives driving environmental management practices in public sector, most of that experience is only centred on an EMS, and EPE is quite a new issue. The defence sector is not an exception. However, as indicated by the results, Portuguese military units agree on the importance of evaluating environmental performance.
The main drivers for EPE in military units are the prevention of health risks and compliance with regulations. This pattern could reflect the nature of the sector's activities and its related hazards.
ISO 14031 and environmental indicators are almost unknown concepts for the respondent military units, despite some differences among branches. The Army presents the best results, probably justified by the following factors: (i) an ongoing implementation process of EMS in several of the Army units surveyed (35% of the Army respondents); (ii) an increasing number of environmental training initiatives; and (iii) the bias induced by the criteria used to select the units surveyed (having a person in charge of environmental issues).
The units surveyed do not seem to practise formal EPE, even though all the units in the Air Force and Army that know the ISO 14031 standard are planning to implement it, along with EMS. The use of environmental indicators is a reality for about half the units, which shows a fair development in the use of this management tool.
Environmental indicators are mainly used in mission/activity reports, environmental reports and newsletters. However, the general pattern of ''environmental reports'' identified by many respondents is poorer than corporate environmental reporting practice. Most respondents stated that indicators should be reported in association with the different types of mission/activity. The considerations that they help in decision-making processes and allow a continuous assessment of environmental performance are the main advantages reported by the respondents for using environmental indicators.
For the future it's important to retain that ISO 14031 could be especially suitable for small and medium enterprises (SMEs), because it can be carried out and maintained event with scarce personnel and financial resources, as concluded in the pilot study project in Germany cited by O'Reilly et al. [48] . This finding is of particular interest as military Portuguese units are almost comparable to SMEs. As stressed by the same authors, organizations have found that the requirement of certifiable EMSs can be over burdensome, and ISO 14031 can add real tangible, value, by focusing on priority domains of environmental performance.
An index -SEPE -was used to demonstrate the overall state of EPE in the Portuguese military sector. This tool gave the aggregated result for the knowledge, awareness and practice of EPE in the units, showing that these issues are quite recent within the defence domain. It must be stressed that the methodology used does not aim to rank individual respondent units. This kind of tool could be used by defence services in the future to collect and aggregate environmental data, contributing to the communication and the assessment of the state of the defence sector-environmental profile, and helping decision-makers to track policies' outcomes.
The results of this work provide important support for the future development of EPE practices, including, in particular, performance indicators within the defence sector. By assessing the state of EPE for this sector, it will be easier to address the sector's particular sensitivities and implement the most appropriate EPE framework. -launched weapon systems ..............................  Combat vehicles........................................................  Surveillance vehicles.................................................  Transport vehicles.....................................................  Electric and electronic systems............................ Note: environmental aspect -unit's activities, products and services (or parts therefore) that may influence the environment. A significant environmental aspect is an environmental aspect that has or can have a significant environmental impact. Environmental impact: any change to the environment, whether adverse or beneficial, wholly or partially resulting from a unit's activities, products or services. 
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